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ABSTRACT

NON-REAL TIME, HOMOGENEOUS SEA CLUTTER SIGNAL GENERATOR
Name: Hong, Seng MayUniversity of Dayton, 1994
Advisor: Dr. Frank A. Scarpino

In general, radar clutter may be defined as unwanted
radar echo.

Its name is descriptive of the fact that such

echoes can 'clutter' the radar receiver and make the
detection of wanted target signals difficult to achieve.
Examples of unwanted echoes, or clutter are the reflections
from land, sea, rain, birds, buildings, chaff, clear-air
turbulence, and other atmospheric effects, as well as from
ionized media such as the aurora and meteor trails.
The echo from the surface of the sea often places severe
limits on the differentiation of backscatter returns from
ships, aircraft, missiles, and other targets of interest
that share the radar resolution cell with the sea.

Since

the sea presents a dynamic, endlessly variable return to the
radar, an understanding of sea clutter will not only aid in
finding the suitable models to describe the surface
scattering, the knowledge of complex: behavior of the sea,
iii

but also the environmental parameters.

For example, local

wind speed, wind direction, sea state, sea temperature, rain
fall, oil slicks are variables that affect the clutter
measurements.

The sea echo also depends on such radar

parameters as frequency, polarization, and grazing angle.
Many sea clutter models and works can be traced back to
World War II, and are described in an MIT Radiation
Laboratory book edited by Kerr [1] . Although there is much
that is known about the nature of the sea surface, and
environmental parameters, it is often difficult to collect
data at sea under the controlled and reproducible conditions
necessary to establish quantitative causal relationships.
An electronic sea clutter signal generator was created
to provide reproducible clutter data to aid in developing
quantitative causal relationships for the radar return
signal.

This paper describes the creation of the generator.

iv
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CHAPTER I
INTRODUCTION

The purpose of this hardware project is to design a
simple model of a non-real-time, homogenous sea clutter
signal generator (clutter generator) that emulates a sea
clutter return signal of the first sidelobe of an airborne
antenna.

The sea environment is assumed to be homogenous,

and several environmental parameters are not taken into
account in this design.

The environmental parameter

variables are too complex to incorporate into the design
since they are not causal.

Even if the importance of an

environmental parameter has been recognized, it is difficult
to predict all aspects of sea clutter behavior under all
possible environmental conditions.

Since the sea surface is

so rich in potential scattering structure that
experimentalists and theorists alike have proposed and have
found support for almost any imaginable model.

Accurate

measurements have proven to be difficult to obtain under
actual sea conditions.
Sidelobe clutter power is due to the clutter returning
through the two-way antenna, and is a function of range in
much the same fashion as target power.
1

The radar cross

2
section (RCS) of clutter is a function of how much clutter
is illuminated and received in a given range gate [2] .
However, the clutter cross section, and geometric position
mapping is not of great concern since the clutter range is
assumed to be a point target.

The main interest is to

generate a clutter signal that corresponds to the geometric
position of an airborne radar and its target detection
range.

Many radar equations used in this paper are well

known, therefore no derivation will be given.

The clutter

generator will receive four inputs in analog form that
correspond with the geometric position of the airborne
radar, plus a local oscillator (f^) input signal.
The developed homogenous clutter signal generator is
used in conjunction with other systems to analyze a specific
radar performance under certain requirements and constraint.
The key element in designing a radar system is the ability
to distinguish the desired target signal from noise,
clutter, and other interference.

In airborne high pulse

repetition frequency (HPRF) operation, sidelobe clutter
poses some special problems due to the frequency of
backscatter from the antenna1s sidelobes and can exist
anywhere from (2vair)/Z to (-2vair)/A although the backscatter
from the antenna's mainlobe is relatively narrow in
frequency [3] .
Many detailed studies have been conducted on various
characteristics of sea clutter.

The work done at the Naval

3
Research Laboratory by Schooley [4], Katzin [5], Grant and
Yaplee [6] described the clutter magnitude, measured by the
reflectivity as a function of various environmental
parameters.

A study made at John Hopkins University by

Wiltse, Schelsinger, and Johnson [7]; and a series of
experiments reported by Hicks [8] and his associates at the
University of Illinois Coordinated Science Laboratory
produced a great deal of data on spectral distribution of
sea clutter.
In general, sea surface possesses a high reflectivity
but a low retrodirectivity at depression angle not
approaching 90°.

Hence, the sea possesses a relatively

small (monostatic) backscattering coefficient but a
relatively large forward scattering coefficient.

In

addition, the backscattering coefficient increases with
increasing frequency, depression angle, and sea state (a
measure of the roughness of sea surface).

For a given

operating frequency, polarization, and depression angle, sea
clutter can be reasonably well related to sea state.

A

relatively complete sea clutter model has been devised by
Petts [9].

CHAPTER II
SEA CLUTIER MODELING

The surface of the sea moves with time and is stronglyaffected by interaction of the winds and tides.

Thus to

describe the sea surface at a given time, it is necessary to
also consider the sea state, wind speed, wind direction,
temperature, average wave height, peak wave height, and wave
direction.

One or more of these parameters are

related to

the radar reflectivity data in sea clutter modeling.

More

detailed information on the definition of these parameters
is available in Long [10].

The ability of an airborne radar

to detect the desired target on or above the sea surface can
be limited by the sea clutter return signal as well as the
receiver noise.
For the diagram shown in Figure 1, where the first
sidelobe clutter returns are extensively distributed in the
range and doppler, the clutter power generally falls off
with increasing range.

The clutter return power, along with

the known receiver noise, will aid in evaluating the system
sensitivity and the overall radar performance.

4

5

Figure 1.

Target Return and First Sidelobe Clutter Return

6
In general, the total clutter power at each range cell
is useful in establishing the dynamic range requirements and
the requirements for clutter attenuation within each range
cell.

The total clutter power as function of range is given

by Scheer [11] as

P avg G 2

pc

°c

(1)
(4rc)3 R*

Where
Pavg = average transmitted power
oc = radar cross section of clutter
1 = transmitted wavelenght
G2 = two-way antenna gain
Rc = Clutter range from surface patch.

The sidelobe clutter return is governed by the same
basic factors as target return.

Consider the first sidelobe

clutter range shown in Figure 2, which depicts a radar
illuminating the sea surface at a given grazing angle.
For a given transmitter frequency, the power of the
first sidelobe clutter return received from a small surface
patch in Stimson [12] is approximated by:

%

G2 A g oo
Rc

(2)

7

Where
Ag = resolvable area of surface patch
oQ = incremental backscattering coefficient.

From the above equation, it can be seen that increasing
the average transmitted power will cause a corresponding
increase in the clutter return signal.

The incremental

backscattering coefficient o0, is the radar cross section of
a small increment of surface area (AA) as shown in Figure 3.
When a radar beam intersects a flat surface at an
grazing (depression) angle, 0 as shown in Figure 2.

The

area within the effective beam angle, e identified as Ag is
given by Barton [13]:

Rc2 e
s i n (0)

(3)

The surface viewed by an airborne radar can be regarded
as continuous, and the extent to which the return from any
portion of the total surface area is dependent on the
radar's design.

Thus the incremental coefficient is a

function of grazing angle for various frequencies and
polarizations.

In a practical sense, the backscattering

coefficient may vary considerably from one increment of
surface to the next.

8

Figure 2.

First Sidelobe Clutter Range to Surface Patch

9
A composite statistical average of backscattering is the
coefficient oQ, and can be found in charter 13 of "Radar
Handbook", by Merrill Skonik [14].

In describing the

geometry of the surface clutter shown in Figure 3, the
incident angle is defined relative to the normal to the
surface; the grazing angle is the angle reference with
respect to the tangent to the sea surface; and the
depression or elevation angle is then defined with respect
to the local horizontal at the radar.

Since the sea surface

is considered flat, then the grazing angle and the
depression angle are the same.

The incident angle is used

when considering earth backscatter effects from near
perpendicular incidence, as in the case of the altimeter.
The depression angle is the preferred measure in most radar
applications, and will be the angle used in this design
project.
Like the radar cross section of a discrete target, the
backscattering coefficient oQ is the product of the
geometric area, reflectivity, and directivity of an
incremental surface area [12].

The geometric area is the

projection of the incremental area, AA shown in Figure 3,
onto a plane perpendicular to the line of sight from the
radar.

The projection area is interpreted by the

incremental area.

10

Figure 3.

Projection Incremental Area of Backscattering
Coefficient
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The reflectivity is the ratio of scattered energy to
intercepted energy.

It varies widely with conductivity and

the dielectric constant of the surface area.

The

directivity is the ratio of the energy scattered back toward
the radar to the backscattered energy had the scattering
been isotropic.

This ratio depends on the following

elements: the incident angle, y as shown in Figure 4, the
roughness of surface relative to the wavelength of the
incident radio waves, the polarization of the waves, and the
physical parameter of other man made objects.
If the observed sea surface clutter is near a
perpendicular incidence angle, where the depression angle,
0 = 90°, that is, for a radar looking straight down.

The

clutter cross section at this angle is weakly dependent on
frequency, has maximum of about 15.0 dB at zero wind speed,
and falls off gradually as the wind picks up.

The clutter

measurements at these high depression angles will be
relatively sensitive to the averaging effects of wide
antenna beamwidths, which could become a source of ambiguity
in aircraft measurements at the lower radar frequencies
[14] .

12

Figure 4.

Incident and Grazing Angle of Radar Line of Sight

13
CLUTTER POWER DYNAMIC RANGE

The general radar equation in Stimson [12], and Barton
[13] , the magnitude of the target return signal is
proportional to l/R4 for point target.

Whereas the area

clutter power varies approximately as l/R3 for the pulselimited case, and approximately as l/R2 for the beam-limited
case [2].

The spectral characteristics of first sidelobe

clutter return can be viewed as the surface area illuminated
by the first sidelobe as consists of a large number of
small, individual patches as shown in Figure 2.

For an

homogenous sea surface, the RCS from an area clutter cell is
constant and defined as

Substituting equation (4) into (2) , and since both the
average transmitted power (Pavg) , and antenna gain (G2) are
constant, then the clutter return power is considered as
function of range and can be written as

P avg G2

°

c

(5)

Xc

The clutter power are those returns from many ranges
that are collapsed into the same doppler cell.

The shortest

range will be the point located directly below the aircraft

14
whose range is same as the altitude of the aircraft.

The

slant range in front of the aircraft at the radar horizon
exhibits the longest slant range and maximum doppler shift.
From the illustration shown in Figure 2 where the slant
range of first sidelobe clutter is defined as

—

c

_____________a l t _________

s i n ( 0 + 4 .5 ° )

The 4.5° in the denominator is the angle between the
mainlobe and first sidelobe.

Equation (5) reveals that the

clutter power is inversely proportional to l/Rj.4 or 12
dB/octave (for two way path) . Thus a minimum clutter range
will result in maximum clutter return power and is defined
as

p cma x

avg

(7)

R cmin

The ratio of the strongest clutter return power, P^^
expected (at closest range) to the smallest return, P,^
expected (at farthest range), determines the clutter dynamic
range

C l u t t e r D ynam ic R ange

p max
Pmin
.

(8)

This clutter dynamic range is used to set the detection
threshold level in the radar receiver.

15
CLUTTER DOPPLER SHIFT EFFECTS

Clutter Doppler shift is defined as the frequency shift
between the transmitted radio frequency (RF) and the echoes
reflected from the clutter or moving objects.

For the

diagram shown in Figure 5 where R^. is the distance between
the airborne radar (in motion) and the sea surface, the
total number of wavelengths A, contained in the two-way path
from the airborne radar to the sea surface is 2RC/A,.

Since

one wavelength corresponds to an angular excursion of 2n
radian, the total angular excursion <|) made by the
electromagnetic wave during its transit to and from the sea
surface is 4 ^ / 1 radian.

The distance Rc and the phase <J)

are continually changing since the airborne radar is in
motion.

A change in <J> with respect to time is equal to a

frequency shift.

This is the doppler angular frequency od,

given by Skolnik [15] as

dt
where
d4> = 4 7 ^ / 1 ;

2 iz fd

(9)

16

Figure 5.

Doppler Shift of First Sidelobe Clutter

n
Thus equation (9) can be rewritten as

4n dRc
kdt

2 r .f d

(10)

And dRc/dt is the relative velocity of airborne radar
with respect to sea surface, vair.

Thus the doppler

frequency is defined as

(11)
=

The apparent velocity of the object is proportional to
the component of the velocity of the radar in the direction
of the object as shown in Figure 5.

The doppler frequency

of clutter path is
(12
_

d

2 Va i r c o s

k

Where 4r is the total cone angle between the velocity
vector and the line of sight of the clutter surface patch.
Normally, directions are specified using a coordinate system
where the two orthogonal angles, the azimuth angle (a) and
depression/elevation angle (0) are referenced to the body of
the aircraft as shown in Figure 6.

18

Figure 6.

Geometry Coordinate Reference System.
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For the simple case of level fight, the cone angle i|i is
related to the space stabilized azimuth and elevation angles
by
cosi |
j

= cosa cos0

(13)

Where
0 = elevation angle
a = azimuth angle.

Thus the doppler frequency of a given clutter return can
be characterized by equation (12) and (13).

CHAPTER III
INPUT SPECIFICATIONS AND DESIGN THEORY

The clutter return power received by an airborne radar
is a highly variable phenomenon.

Even if the sea surface is

homogeneous, the amplitude and spectral properties of the
resultant clutter will be a function of radar antenna beam
position.

In a search or tracking radar, where antenna beam

position is constantly changing, that the clutter properties
will be dynamically and statistically none stationary.
The first sidelobe clutter spectral return is defined
relative to the radar's position and the target range as
shown in Figure 7.

The total backscattering power received

by the radar will be the sum of target return and the
clutter return from the first sidelobe (other sidelobes are
not taken into account) . The maximum clutter power return
(shortest clutter range) will be normalized to determine the
clutter power attenuation to the relative clutter range.

20

21

Figure 7.

Target and Clutter Range Geometry

22
The target detection range is specified from 5 km
(minimum) to 40 km (maximum) .

The geometric position of the

airborne radar is described by the inputs listed in Table 1.
These inputs are provided in the form of analog voltages
that correspond to the appropriate unit measurements.

Table 1.

Input Parameters and Corresponding Voltage

Input Signals

Parameter unit

Analog voltage

Radar Velocity

100 m/s to 900 m/s

-0.096 v to -0.868 v

Radar Altitude

100 m to 1500 m

0.010 v to 0.140 v

Elevation Angle

+3.0° to -17.5°

+0.03 v to -0.175 v

Azimuth Angle

+30.0° to -30.0°

+0.30 v to -0.30 v

23
CLUTTER RETURN AMPLITUDE

The amplitude of sea clutter is characterized by
statistical fluctuations which can be described in terms of
a probability density function.

If the echo from the sea

surface can be modeled as that from a number of independent,
random scatterers, with no one individual scatterer
producing an echo of magnitude commensurate with resultant
echo from all scatters, then the amplitude fluctuations of
the sea clutter signal can be described by the Gaussian
probability density function [15] .
The clutter amplitude return is mainly a function of
clutter range as shown in Figure 7.

In a realistic clutter

model, assuming the aircraft is in level flight, where the
clutter power is the sum of spectral power in each doppler
cell.

This results from the return corresponding to the

intersection between the isorange circle and each isodop
hyperbola [16].

Thus the physical sizes of each of these

surface patches that produce returns in the same rangedoppler cell vary with angle.

If the aircraft is not in

level flight, the computation of spectral power is further
conplicated.

Using the simplified clutter range geometric

representation shown in Figure 7, the estimated clutter
power can be characterized as the function of the relative
clutter range, which depends on the radar's altitude and
elevation angle.

24
In airborne moving target indicator (AMTI) operation
where the first sidelobe clutter return contributes the most
clutter power.

Therefore, any clutter returns other than

the first sidelobe will not be taken into account.

The

angle between the first sidelobe and the mainlobe is given
as 4.5° and is approximately 15.0 dB less sensitive than the
mainlobe.
The target's height can be calculated for a given target
range, radar altitude, and elevation angle.

It is defined

as
h t = h a ic ~

(14)

-Rtsin0

Where h^,. is the radar altitude (100 m to 1500 m) ,

is the

target detection range (5 km to 40 km), and 0 is the antenna
elevation angle.

The antenna elevation angle, 0, is limited

by the aircraft's altitude, and the target detection range
and height.

The elevation angle (looking downward) is

maximized when both target detection range and target height
are at their minimum range, and the radar altitude is at its
maximum height.

Thus using equation (14), the maximum

elevation angle is defined as

0 - a r c s in r

i

For a given value of R«. = 5000 m, ht = 0, and

(15)
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halt = 1500 m.

The maximum elevation angle (looking

downward) is

1500m i
0 = arcsin[ 5000m
J

1 7 .5 °

The elevation angle for targets above the aircraft's
horizontal level is limited to 3° (looking upward). Any
upward elevation angle greater than 3° will produce a large
clutter range, or negligible clutter return power.
Therefore the maximum clutter range is obtained at 0 =3°.
Thus the elevation angle is varied from 3° (upward) to
-17.5° (downward) for the given radar altitude specification
listed in Table 1.
The clutter range of the first sidelobe, !<,, as shown in
Figure 7, can be viewed as a function of radar altitude and
elevation angle.

Since the target can be at any elevation

angle within the target detection range, the first sidelobe
clutter range is defined as

2?c

(16)

s i n ( 4 .5 + 0 °)

The minimum clutter range can be determined by first
defining the maximum elevation angle for a given minimum
radar altitude, and minimum target range.

Thus the

elevation angle, where a minimum first sidelobe clutter
range exists is
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0 = a x c s i n [- 1 0 0 m

5000m

= 1 .1 5 °

And using equation (16), the minimum clutter range is

_____ ---------------- = 10 16 m
s i n ( 4 . 5° + l . 1 5 °

(17)

The maximum first sidelobe clutter range is where the
radar altitude is maximum, and the elevation angle is
pointing above the aircraft's horizon, thus for 0 = 3°, and
halt = 1500 m, the maximum clutter range of the first
sidelobe is

R cznax

1500m
s in (4 .5 ° - 3 ° )

= 57300 m

The calculated maximum first sidelobe clutter range is
used to defined the total anplitude attenuation range in
clutter return power.
the log ratio of

The attenuation is defined by taking
to R^ n, for one-way path attenuation

(from airborne radar to clutter surface) where the clutter
power is governed by

l/Rc2, thus from equation (8), the

clutter power attenuation in terms of clutter range is

2 0 1og[

^cmin

]

For a given calculated clutter range value, the

(18)
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attenuation (in dB) can be computed by equation (18), thus
the maximum attenuation as function of clutter range per
one-way path is

2 0 lo g [ 57 3 0 0 ;n ] = 35 dB
10 16 m

The total maximum clutter power attenuation for two-way
path (l/Rc4,) is 70.0 dB or 12.0 dB per octave (see clutter
power equation (1)) .

The clutter return power attenuation

is directly associated with the radar antenna position and
the target geometric location.
For a given radar altitude, the first sidelobe clutter
range as a function of elevation angle calculated using the
MATLAB® program (see RANGE.M in Appendix A) is shown in
Figure 8.

Equation (15) is used to define the limits of the

elevation angle for a given aircraft altitude and target
detection range.

The clutter power attenuation as a

function of range for a given radar altitude of 1500 m,
1000 m, 500 m, and 100 m are plotted in Figure 9, 10, 11,
and 12 respectively.

Note that the attenuation shown is for

an one-way path using l/R^2.

Figure 8.

Clutter Range as Function of Elevation Angle for
Various Radar Altitude
00

Radar Altitude = 1500m
-10

Figure 9.

Clutter Signal as Function of Range (h^t = 1500 m)

to
lo

Radar Altitude = 1000m

Figure 10.

Clutter Signal as Function of Range (halt = 1000 m)

GJ
o

Figure 11.

Clutter Signal as Function of Range (halt = 500 m)

GJ

Radar Altitude = 100m
5

Clutter Range in Meters

Figure 12.

Clutter Signal as Function of Range (halt = 100 m)
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CLUTTER DOPPLER FREQUENCY

The first sidelobe clutter doppler shift frequency is
dominated by the aircraft motion as illustrated in Figure 7.
Using equation (12) and (13), the first sidelobe clutter
doppler shift can be derived as

2 v - .- c o s (0 + 4 .5 °) c o s (a)
=

(19)

1

Where 4.5° is the angle between the mainlobe and first
sidelobe, 0 is the elevation angle, and a is the azimuth
angle.

The elevation angle is varied from 3° (upward) to -

17.5° (downward) as defined by equation (15), and the
azimuth angle can be swung from -30° to 30°.

Thus the

doppler shift of the first sidelobe can be determined using
equation (19) as meter/second per wavelenght (1), or the
ratio of the speed of light (c), and the system operating
frequency (f^) .
The clutter doppler spread due to half-power azimuth
beam width, p is defined as

2 V,

c o s ( 0 + 4 .5 ° ) [ c o s ( a - - | - ) - c o s (a + -H.) ]

(20)

■dsp

The maximum doppler shift, f ^

is defined under the

head-on condition where the both elevation and azimuth
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angles are zero, thus equation (19) becomes

2 Va lr COS ( 4 .5 ° )

(21)

dmax

If the aircraft velocity,

is given as 900 m/s, then

the doppler shift is
f
_ 2 (9 0 0 m /s ) c o s ( 4 .5 ° )
^dmax

_ 179 4 m / s

k
The doppler spread for the head-on condition is zero due
to the symmetry of the first sidelobe beamwidth.
equation (20) where 0 = 0°, « = 0°,

p =

From

2.5°, and aircraft

velocity v ^ = 900 m/s, then

2 (9 0 0 m /s ) c o s ( 4 .5 ° ) [c o s ( - 2 ‘ 5 ) - c o s ( 2 • 5° ) ]
2
2
'd a p

= 0

The minimum doppler shift is defined at the minimum
aircraft velocity and the possible maximum elevation and

(22)
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azimuth angle.

Thus for vair = 100 m/s, 6 = 17.5°, and a =

30°, the minimum doppler shift in equation (19) is

_ 2 (lO O m /s) c o s ( 1 7 . 5° + 4 .5 °) c o s (30°)
d

A

I 6 lm / s
A

The doppler spread is maximized with large azimuth angle
values, and equation (20) gives

f
dsp

_ 2 (lO O m /s) COS (22°) [ c o s (2 8 .7 5 ° ) - COS ( 3 1 .2 5 ° ) ]
X
4 m/s
A

The doppler shift and doppler spread are dependant
somewhat on the elevation angle, where the elevation angle
is defined by the aircraft altitude, and the target
position.

From equation (15) , a program named DOPLA.M (see

Appendix A) uses the defined elevation angle as a variable
to generate the corresponding doppler shift and doppler
spread frequencies.

Using the defined elevation angle for a

given aircraft altitude of 1500 m, 1000 m, 500 m, and 100 m,
the doppler shift and doppler spread (in meter/second per A)
as a function of azimuth angle are plotted in Figures 13,
and 14 respectively.

Radar Alt.: 1500m =(-), 1000m =(--), 50 0 m = (.), 100m =(-.)

Figure 13.

Doppler Shift of A Given Aircraft Altitude With
the Defined Elevation Angle (Vair = 900 m/s)

GJ
Ch

Figure 14.

Doppler Spread Effect of A Given Aircraft Altitude With
the Defined Elevation Angle (Vair = 900 m/s)
GJ

CHAPTER IV
CLUTTER SIGNAL GENERATOR DESIGN IMPLEMENTATION

The clutter generator function block diagram shown in
Figure 15 is used as a design guideline, and defines the
operating power range.

The desired operating power level is

represented by the solid line.

Four input signals in analog

form that correspond to the radar's position, are aircraft
velocity (vair) , elevation angle (vel) , azimuth angle (vaz) ,
and aircraft/radar altitude (valt) .

The transmitted signal

(fno) is used to down convert with the

intermediate

frequency signal (fIF) , to generate a radio frequency signal
(fpp) that emulates the first sidelobe clutter spectral.

fIF

is the output signal of voltage controlled crystal
oscillator (VCXO), where its frequency consists of clutter
doppler shift and doppler spread that correspond to the
radar antenna pointing position.

The output power of the

down-converted signal, f^ is attenuated according to its
corresponding clutter range.
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A2

Figure 15.

Clutter Generator Power Budget Diagram
GJ

VO

40
MAJOR PURCHASED COMPONENT SPECIFICATIONS

Although the construction of a homogenous clutter signal
generator and the assembly of wire-wrap circuit cards were
done in-house, some specialized components were purchased to
meet specific requirements.

The characteristics (denoted by

its reference designator on Figure 15) of purchased
components are described below:

Noise Source (A2)
White Gaussian Noise
frequency range:

10 Hz to 20 kHz

Output power:

+13 dBm

Flatness:

± 0.75 dB

/zV/Hz*:

7071

Operating temp:

-35° to +100° C

DC power:

+15 vdc

Attenuator (ATI, AT2)
Frequency range:

DC to 50 MHz

Attenuation range:

0 to 20 dB minimum

Insertion loss:

1.0 dB typical

Impedance:

50 ohms

VSWR:

1.3:1

Average power:

0.5 Watt
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RF Isolator (AT3, AT4)
Frequency range:

11.0 to 13.5 GHz

Isolation:

46.0 dB minimum

Insertion loss:

0.5 dB maximum

VSWR:

1.2:1

Average power:

2 Watts

Peak power:

50 Watts

Voltage Controlled Crystal Oscillator (A3)
Center frequency:

30 MHz

Deviation:

± 0.25% (± 75 kHz)

Linearity:

±2.0%

Modulation input
impedance:

> 50 k ohms

Transfer function:

negative

Modulation rate:

DC to 10 kHz

Temp, stability:

±0.001% over 0° to +50° C

Output power:

> 0 . 5 Vrms into 50 ohms (+7 dBm)

Harmonics/subs:

-20 dBc typical

Power supply:

+15 vdc ±5% (200 mA stabilized @
25° C)

42

IF Filter (FL1)
Center Frequency:

30 MHz

3 dB band width:

10%

Insertion loss:

3.5 dB typical

VSWR:

1.5:1

rejection:
Lower-stop band

> 60 dB @ 24 MHz

Upper-stop band

> 57 dB @ 36 MHz

Wideband Single Sideband Mixer (Ml)
LO port:

6.0 to 18.0 GHz

RF port:

6.0 to 18.0 GHz

IF port:

10 to 50 MHz

Peak input power:

23 dBm maximum @ 25°C

Conversion loss:

8.0 dB maximum

Sideband
suppression:

25.0 dBc typical

Carrier
suppression:

30.0 dBc typical

Intermodulation
suppresion
(fiD ± 2fIF) :

40.0 dBc typical

(fix) ±

45.0 dBc typical

:
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RF Tunable Filter (FL2)
Frequency range:

11.0 to 13.0 GHz

3 dB band width:

0.2%

Insertion loss:

1.0 dB maximum

Average power:

15 watts

VSWR:

1.5:1

rejection:
Lower-stop band

> 50 dB @ -2 bandwidth

Upper-stop band

> 47 dB @ +2 bandwidth
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RF PIN Diode Attenuator (AT5)
Frequency range:

8.0 to 18.0 GHz

Average power:

1 Watt

VSWR:

1.9:1 maximum

Attenuation range:

0.05 to 60.0 dB

attn. Accuracy:

±(0.35 dB + 0.01 dB/dB)

Temp. coefficient:

±0.05 dB/°C typical

Programming:

12-bit positive true binary

Switching time:

2.0 /xsec maximum

Logic 0:

-0.3 to +0.7 v @ -1.0 mA

Logic 1:

+2.5 to +5.0 v @ +40.0 /xA

Table 2.
Input

PIN Diode Attenuation
Bit #

Attenuation

4.998 v

12 (MSB)

25.6 dB

2.499 v

11

12.8

1.249 v

10

6.4

0.625 v

9

3.2

0.312 v

8

1.6

0.156 v

7

0.8

0.078 v

6

0.4

0.039 v

5

0.2

0.019 v

4

0.1

0.0097 v

3

0.5

0.0049 v

2

0.25

0.0024 v

1 (LSB)

0.125
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IN-HOUSE CIRCUIT CARD DESIGN IMPLEMENTATION

The in-house circuit cards were assembled on the printed
circuit card (PCA) with a ground plane on one side.

All

integrated circuit (IC) and discrete components were
supported in standard IC sockets.

The signal interconnects

within the PCA are done by wire wrapping.

The signals that

interface outside of the PCA are done via the 4 8-pin rightangle connector.

RANGE ATTENUATOR CIRCUIT CARD

The functional block diagram of Range Attenuator (AIA1)
is shown in Figure 16.

Many of the TTL ICs, and linear ICs

that were used in the Range Attenuator circuit card are
commercial products, therefore no operational description of
these IC items will be provided.

The functional and

characteristics of the Range Attenuator circuit will be
briefly described to aid in the understanding the
implementation.

74123

™ e RANGE ATTEN. BLOCK DIAGRAM
Size

Number

Rev

A4
Date
Nov ’®Filename
R«<«9.k

Figure 16.

Drown by
Sheet 1

Functional Block Diagram of Range Attenuator

honc
q1
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The input signals of the Range Attenuator (with its
corresponding analog voltage level) are scaled to precise
operating voltage levels as shown below

Input signals (scaled):
valt = 100 m to 1500 m (0.0174 v to 0.262 v)
vel

= +3.0° to -17.5° (-0.333 v to +1.942 v)

Output signal:
Do - D1X = 12-bit positive true TIL logic

When both input signals vel, and valt are present, Ul
(OP27) sums vel with the referenced angle voltage, vref to
produce the correct geometric equivalent elevation angle of
the first sidelobe clutter (where vref represents the angle
(4.5°) between the first sidelobe and the mainlobe) .

U2

(AD639) is the sine-function device that converts the input
voltage to the corresponding sine function configuration
with 9°/volt scaling factor.
angle, vref is set to 0.5 v.

Thus for a 4.5° reference
U3 (OP27) provides the scaling

function for input signal, valt (the corresponding voltage
may vary in the other simulating environment) . U4 (AD534)
in configured to divide the aircraft altitude signal valt by
sin(vel + v^f) to produce the coincident clutter range
voltage, VRe.

Device U5 (AD538) is the log-function that

performs (-1) log10 (VR^/VR.) to generate VR, where V R ^ is
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the defined minimum clutter range in its precise analog
voltage equivalent (1016 m = 0.177 v) .

Finally, U6 (OP27)

translates the output signal VR to its specific scaling
factor before being converted by U9 (AD574) to a digital
signal.

During the power-up condition, U7 (74123) issues an

initial convert command signal to U9 to perform the analogto-digital (A/D) conversion.

Upon corrpletion of first

conversion cycle, U9 releases a status signal which is
routed via U8 (7432) to cotrmand the next conversion cycle.
The A/D conversion format is shown in Table 3.

Table 3.
Analog Input

A/D conversion
Digital Output

10 volt

1 1 1 1 1 1 1 1 1 1 1 1

5 volt

O

0 volt

0 0 0 0 0 0 0 0 0 0 0 0

For example if

l l l l l l l l l l l

vel = -3°, and valt = 500 m, then the

corresponding analog voltage is:

vel

= 0.333 v;

valt = 0.087 v;

(LSB)
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Then the output result at U4 using equation (16) is

c

— ___________ 0 . 087 v __________
s i n ( (0 .3 3 3 v + 0 . 5 v ) ( 9 ° / v ) )

VRC = 0 .6 6 7

(23)

V

The output voltage at U5 (AD538) is defined as

v' - (-1)log'“ [r a ? 1

(24)

Vr = 0 .5 7 6 V

The scaling factor of U6 ( k = 7.6) is set to achieve
the attenuation for two-way path (l/R^4), thus the voltage
input to A/D is

VR = 0 .5 7 6 v ( 7 .6 )

(25)

VR = 4 .3 7 5 V

The corresponding to digital output is

d o

= omoooooooo

or an attenuation of 23.2 dB according to RF PIN Diode
Attenuator specification Table 2.

^6)
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The calculated attenuation for vel = 3°, and valt = 500 m
is

R,

500 m

s i n ( 3 ° + 4 .5 ° )

(27)

3831m

The corresponding attenuation for two-way path (l/R^.4)
is
(28)

4 0 l o g 10 [ 3 8 3 1 / n ] = 2 3 . 0 6 d B
10 1 0 1 6 m

Note that the experimental attenuation value differed
from the calculated value by only 0.14 dB.

The schematic

shown in Figure 17 entails the design implementation of the
Range Attenuator.

Devices U8, and U2 are the scaling factor

for aircraft altitude input valt/ where U18, and U3 comprise
the scaling adjustment factor for elevation angle input vel.
These two scaling factors are essential to the proper
operation of circuit, and must be adjusted accordingly to
ensure the intended performance.

The scaling factor is

designed to accommodate other input voltage ranges in case a
different testing environment is required.

Figure 17.

Range Attenuator Schematic (1 of 2)

cn

Figure 17.

Range Attenuator Schematic (2 of 2)
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VOLTAGE CONTROL LOW-PASS FILTER

The implementation of the 2nd order low-pass (LP) active
filter is based on analog-computing feedback loops involving
two integrators to simulate the desired transfer function.
The concept used to generate the first sidelobe clutter
doppler spread frequency is to control the frequency
deviation of a VCXO that corresponds to the input signal
voltage.

Figure 18 is the functional block diagram of

Voltage Control LP Filter having the input/output
specifications listed below.

Input signal:
vt

+13.0 dBm White Gaussian noise;

vair

100 m/s to 900 m/s (-0.0965 v to -0.868 v) ;

vaz

+30.0° to -30.0° (+0.30 v to -0.30 v) ;

Output signal:
v^

to control VCXO unit (A3) ;

Device U1 (OP27) converts the bipolar input voltage of
vaz to uni-polar form to reflect the even function of cosine
term.

Device U2 (OP27) and U3 (AD639) perform the cosine

function and its output is then used to multiply with the
aircraft velocity signal, vair to produce vd, the clutter
doppler shift voltage.

The configuration of cosine function
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U3 (AD639) is set to 50°/volt.
The generation of clutter doppler spread voltage, vo is
accomplished by implementing a 2nd order voltage control
low-pass filter scheme where the amplitude (3dB c o m e r
frequency) of a Gaussian white noise source (Al) is
controlled by the controlling voltage, vc. The controlling
voltage, vc is determined by U5 (AD534) as the product of
the azimuth angle input signal, vaz and the doppler shift
voltage, vd.
The implementation of the Voltage Control LP Filter is
accomplished by defining the desired 2nd order LP filter
transfer equation given by Johnson [17] as

2^ =

l
i +

+ EL

(29)

The circuit that implements equation (29) is shown
inside the dashed line of Figure 18.

Thus the output at U7

(AD534) is defined as

v2 = v i + Cv3 - v 0

(30)

Where £ is the damping factor which is implemented by U9
(OP27), and is given as

C = /2

(31)

Figure 18.

Functional Block Diagram of Voltage Control LP Filter

LTI
in
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The output of the first integrator U8 (OP27) is

(32)

~y2yc

V3 =

RCs

and the output of the second integrator Ull (OP27) is
defined as

v =
°

- v3v c
-— RCS

(33)

Substituting for v2 in equation (32) by equation (30)
yields

v

= ~ v c (v i
3

+ <v3 - vo)

(34)

RCs

and re-arranging the variable v3 on the left hand side of
equation gives

- v 0)

V3

RCs

+ Cv c

Now replace above v3 by equation (33) and re-group to
yield

(yi ~

v o'>

(R C s ) 2 + R C s C v c

(35)
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The transfer function of 2nd order LP filter can be
derived by re-arranging equation (35) to get

v„

(36)

(R C s)2 + R C s{

l +

vr

and since s = juo, and uo = 2nfo, equation (36) becomes

v,o
V,

(37)

_

[1 -

(2 7tfpRC)2] +

2 TZf 0RC£
v„

where fo is the desired 3dB cut-off frequency.

For example,

if the maximum doppler spread frequency of 2.5 kHz is
desired, and the corresponding control voltage, vc = 5.0 v,
then

( 2 n f oR C )2 _ n
= 1

(38)

The integration time constant can be defined as

RC = ——

5Y

2 n ( 2 .5 kH z)

= 318 x l O " 6 v - s e c o n d

(39)

If we let R = 31.6 kfl, and C = 0.01 /xF (standard
component values of resistor and capacitor), then the actual
integration time constant is
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,
K
RC' = 3 1 6 x 1 0 6 v - s e c o n d

(40)

Using the defined integration time constant, RC' in
(40) , the actual 3-dB c o m e r frequency is

f =

57

°

2 71 R C '

(41)

f o = 2 . 5 18 kH z

The advantage of employing an analog multiplier (AD534)
preceded by an integrator (0P27) is that the overall
characteristic frequency oo will be directly proportional to
the multiplying input port voltage vx.

This makes it

possible to build the 2nd order filter in which the
capacitors are, in effect, adjustable by a controlling
voltage vc without affecting damping, coefficient weighting,
and normalized frequency response characteristics.
Figure 19 is the detailed schematic of the Voltage
Control LP Filter.

Let the aircraft velocity be 500 m/s, or

vair = 0.483 v, and the azimuth angle is 10° to the left of
radar antenna, vaz = -0.1 v (assuming the elevation angle is
zero degree, 0 = 0°) , to verify the circuit functionality
due to these input parameters and compare the result with
the calculated data.

We first, convert the azimuth input

signal voltage, vaz to a positive voltage by using a full
wave rectifier scheme employing U14 (OP11) , then amplify the
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output amplitude by a gain of 2 (G = 2) using U9 (OP27)
before performing the cosine function in U20 (AD639) , where
the configuration of cosine device AD639 is set to 50°/volt.
The clutter doppler shift voltage at test point (TP3) is
accomplished by U19 (OP27) , which multiplies the aircraft
velocity signal voltage, vair with output of cosine function
of U20, and follow a scaling factor of 11.13 by U10 (OP27)
to attain the desired doppler shift voltage as
TP3 = 0 .4 8 2 v ( c o s [2 ( 0 .1 v) ( 5 0 ° / v) ] ) ( 1 1 . 1 3 )

(42)

TP3 = 5 .2 87 v

This deviates the VCXO (A3) unit with 7.5 kHz/volt (see
Major Conponent Specifications in Chapter IV) by

frf = 5 .2 8 7 v ( 7 .5 k H z / v )

(4 3 )

f d' = 3 9 .6 5 k H z

The calculated value using equation (19) , with the
operating frequency, f^ = 12.07 GHz is

f

= 2 (500777/s) c o s (4 .5 ° ) c o s (10°) ( 1 2 .0 7 GHz)
d
3 x l O 8m/ s

f d = 3 9 .5 kH z

(44)

Figure 19.

Voltage Control LP Filter Schematic (1 of 2)

cn
o

Figure 19.

Voltage Control LP Filter Schematic (2 of 2)

cn
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The experimental clutter doppler shift in (43)
contributes an additional 150 Hz over the calculated value,
or 0.38% error.

This is due to the absence of an elevation

angle variable in the implementation of clutter doppler
shift voltage.

The schematic shown in Figure 19 does not

take into account the elevation angle variable,

emitting

the elevation angle variable, 0 is made due to the simulated
elevation angle is small, and cos(0) ~ 1.

The absence of

elevation angle variable will ease the design implementation
and eliminate the addition of six linear ICs, plus over
thirty discrete components.
Figure 20 is the plot of doppler shift (in m/s per X) as
function of azimuth angle that correspond to various
aircraft velocities.

The elevation angle variable is

assumed to be zero, 0 = 0 ° .

[Program 'DOPLB.M' that

generates the graph is listed in Appendix A.]
The doppler spread voltage is determined by solving
equation (38) and (39) where the controlling voltage, vc
affects the overall characteristic frequency, fo as shown in
equation (37).

The controlling voltage, vc is generated by

U18 (AD534), and U1 (OP27) of Figure 19, and is the product
of doppler shift voltage, vd and azimuth angle voltage vaz.
Thus the controlling voltage, vc at the output of U1 is

v c = 5 .2 8 7 v ( o . l v )

(45)
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v c = 0 .5 2 8 7 v

Using equation (41), the 3dB cut-off frequency is

°

=

0 .5 2 8 7 v
271 (316 x l 0 " 6s)

(46)

f o = 267 H z

Substituting the defined value of vc, and fo into
equation (37), the transfer function becomes

(47)
vi

, 1 _ r 2 tc (267) ( 3 1 6 x l0 ~ 6) , 2> . 271 (267) (316 x !0 ~ 6) y/2
0 .5 2 8 7
J
0 .5 2 8 7

o _
v£

-0 .0 0 2 9 + j l .4 16

= 0 .7 0 6 2 Z -9 0 °

and the magnitude at c o m e r frequency, fo = 2.518 kHz is

v„
2 0 l o g 10 1— 2

(48)

= -3.02 dB

vi

The implementation of the doppler spread frequency is
accomplished by allowing the appropriate noise amplitude of
Noise Source (Al) unit (in Figure 15) to propagate according
to the calculated 3.0 dB c o m e r frequency value.

The

Radar Vel.: 900m /s=(-), 600m /s= (--), 300m /s=(*), 100m /s=(-.)
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Figure 20.

Doppler Shift Frequency as Function of Azimuth Angle
(Elevation Angle, 0 = 0°)
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specific noise amplitude of 7071 /xV/ (Hz)* is adjusted by the
variable attenuator (ATI) prior relaying to Voltage Control
LP Filter circuit card (A1A1).
The calculated doppler spread frequency can be
determined by using equation (20) .

Solving for an aircraft

velocity = 500 m/s, azimuth angle = -10°, elevation angle =
0°, and a first sidelobe azimuth beamwidth = 2.5°, the
doppler spread frequency is

= 2 (500/n/s) COS (4 .5 ° ) [c o s ( 8 .7 5°) - c o s ( 1 1 ■25°) ] 12 ■01 GHz
■ds p "

3 x l 0 em / s

(49)

f dsp = 3 04 H z

By comparing the design implementation result (with the
absence of elevation angle) with the calculated doppler
spread frequency value, it is found that the accuracy is off
by 12.2%.

This is due to the emphasis on implementing the

doppler shift frequency.

The adjustment of the doppler

spread frequency can be made by fine-tuning the noise source
(A2) amplitude controlled by signal attenuator (ATI) to
regulate the output voltage, vo to the VCXO (A3) unit.
Some other contributing factors to doppler spread frequency
error are the operational amplifier input offset voltage,
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and bias current; the accuracy of multiplier, cosine
function devices, and discrete component value tolerances.
The hypothetical doppler spread (in m/s per A) as a function
of azimuth angle for varied aircraft velocities is plotted
in Figure 21.

The elevation angle variable, 0, is set to 0°

for this illustration.

[Program 'DOPLB.M' which generates

the graph is listed in Appendix A.]

Radar Vel.: 900m /s=(-), 600m /s= (--), 300m /s=(*), 100m /s=(-.)

Figure 21.

Doppler Spread Frequency as Function of Azimuth Angle
(Elevation Angle, 0 = 0°)

<r>
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CHAPTER V
HARDWARE CONSTRUCTION

The fabrication of the clutter generator is done in
house with the purchase of the standard mechanical chassis,
enclosure, and fastener hardware.

The overall physical

dimensions are 17" (width) by 19" (depth) by 9" (height) and
is illustrated in Figure 22.

The clutter generator is

intended to mount on a standard 17-inch rack-console with
slide on both side.
The front panel shown in Figure 2 3 (a) serves as a
monitoring panel.

Ten green light emitting diodes (LED)

indicate the inserted (logic high) digital bit that
attenuates the clutter return power by certain specific dB
as indicated.

The liquid crystal display (LCD) along with a

positional switch is used to verify the selected input
signal (either local or remote mode).

It is a helpful tool

during system troubleshooting, or to calibration/self-test
the initial input signal.

Four sets of single pole single

throw switches allow the selection of either remote input
signals from the back panel or the test voltage signals that
are regulated by the corresponding potentiometer.

68

69

CUrtTH G B C M IO *

V
-

Figure 22.

H

pOO®

•

,

Clutter Signal Generator Overall Appearance
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(a)

(b)

Figure 23.

Clutter Signal Generator Front Panel (a),
Back Panel (b)
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The alternate current (AC) on-off control is achieved bymeans of a soft pushbutton switch with four direct current
(DC) supply test-jacks which serve as DC power monitoring or
an extended DC power source to other subsystems.
The back panel shown in Figure 23 (b) is primarily used
as an input/output (I/O) interconnect panel.

The six BNC

connector jacks are the connecting ports of four input
signals (vair, valt, vel, and vaz) , and two test signal (TP1,
and TP2) .

Two SMA connector jacks are provided for the high

frequency signal, f^, and f^.

The back panel also houses

an AC inlet connector with an over current protected circuit
breaker.

The system is powered by 115 Vac, 60 Hz, single

phase line voltage.

The photo picture of the Range

Attenuator, and Voltage Control LP Filter wire-wrap cards
are shown in Figure 24.
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Figure 24.

Wire-wrap circuit Card of Range Attenuator (a)
Voltage Control LP Filter (b)
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SIGNAL WIRING AND INTERFACE

The AC/DC power interconnect wiring of the clutter
generator are shown in Figure 25.

The DC power supply (PSI)

provides ±15.0 volt @ 1 . 5 Arrp, and +5.0 volt @ 7 . 5 Arrp.

An

over current fuse (FS1) provides a safety feature to protect
the system power supply.

A set of DC power filters (FL1 -

FL5) are used to minimize the DC ripple voltage to all
active components and circuit cards.
The signal interconnect of the clutter generator is
shown

in Figure 26.

TP1 and TP2 are the test signals for

troubleshooting purpose.

Two major in-house wire-wrap

printed circuit cards of A1A1, and A1A2 are illustrated in
Figure 27, and 28 respectively.

The signal input/output

interfaces are done via 96-pin solder-less PCB connector.

Figure 25.

Clutter Generator Power Wiring Diagram
4*

TR2

r'”’ CLUTTER GEN. BLOCK DIAGRAM

Sit*
B
£eis
r,Uryr>,

Figure 26.
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Clutter Generator Signals Interconnect Diagram
cn

Figure 27.

Range Attenuator Printed Circuit Card
cn

Figure 28.

Voltage Control LP Filter Printed Circuit Card
-4

CHAPTER VI
TEST SET-UP AND RESULTS

The testing procedure for the Clutter Generator was
performed by varying one input variable at a time and
verifying the coirresponding output signal.

The test set-up

is illustrated in Figure 29 where both the signal
synthesizer and the spectrum analyzer were capable of
operating in J Band (10 to 20 GHz) region.
clutter signal for the

The reference

minimum clutter range was obtained

by setting the test signal:
Vlcd = 0 v (LCD read-out) ;
Vait = 0.018 v (VRonin value) ;
vel = 0 v (0°) ; and
= 0 v (0°) .

The clutter signal spectrum is plotted in Figure 30.
series of test configurations is listed as follow.
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Figure 29.

Clutter Generator Test Set-Up Diagram
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Test #1:
v lcd

=

0.357 v (v^ = -0.219 v or 217 m/s) ;

valt = 0.059 v (340 m) ;
vel = 0 v (0°) ;
vaz = 0 v (0°) .

The measured doppler shift voltage vd at TP3 of Voltage
Control LP Filter was 2.4 v.

The measured doppler shift

frequency was 16.5 kHz (no doppler spread) , and the measured
range attenuation was 24.3 dB.

The clutter signal (f^) was

plotted in Figure 31.

Test #2 & #3:
V lcd =

0.303 v (v^ = -0.219 v or 217 m/s) ;

valt = 0.059 v (340 m) ;
vel = 0 v (0°) for Test #2;
vel = -0.341 v (-3.0°) for Test #3;
vaz = -0.302 v (-30°) .

The measured doppler shift voltage vd at TP3 of Voltage
Control LP Filter was 2.038 v.

The measured doppler shift

frequency was 14.2 kHz (with doppler spread of 310 Hz), and
the measured range attenuation was 24.8 d B .

The clutter

signal (f^) with doppler spread effect was shown in Figure
32.

Whereas Figure 33 illustrated the amplitude difference
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of 10.8 dB (Test #3) due to the variation of elevation angle
from 0° (vel = 0 v) to -3.0° (vel = -0.341 v) .

Test #4:
V lqj = 1.217 v (v^ = -.863 v or 894 m/s) ;
vait = 0.059 v (340 m) ;
vel = -0.341 v (-3.0°) ;
vaz = -0.302 v (-30°) .

The measured doppler shift voltage vd at TP3 of Voltage
Control LP Filter was 8.15 v.

The measured doppler

frequency was 65.1 kHz (with confuted 1.24 kHz doppler
spread frequency), and the measured range attenuation was
14.6 dB.

The clutter signal (f^) with doppler spread

effect was shown in Figure 34.

The zoom-in plot of doppler

spread frequency was shown in Figure 35.
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Clutter Signal of Test #5
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Test #5:
v lcd

= 1-217 v (vair = -.863 v or 894 m/s) ;

valt = 0.261 v (1500 m) ;
vel = -1.942 v (-17.5°) ;
vaz = -0.302 v (-30°) .

The measured doppler shift voltage vd at TP3 of Voltage
Control LP Filter was 8.15 v.

The measured doppler

frequency was 65.1 kHz (with computed 1.24 kHz doppler
spread frequency) , and the measured range attenuation was
24.0 dB.

The clutter signal (f^) with doppler spread

effect was shown in Figure 36.

Test #6, #7, & #8 :
V lcd =

1-217 v (vair = -.863 v or 894 m/s) ;

valt = 0.139 v (800 m) for #6;
valt = 0.174 v (1000 m) for #7;
valt = 0.261 v (1500 m) for #8;
Vel = -0.341 V (-3.0°) ;
vaz = -0.302 v (-30°) .

The measured doppler shift voltage (vd) was same as for
Test #5.

The measured doppler shift frequency was about

65.1 kHz (with computed 1.24 kHz doppler spread frequency) ,
and the measured range attenuation was 32.0 dB for Test #6.
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The output signal (f^) with doppler spread effect was shown
in Figure 37.

The clutter amplitude variation due to higher

aircraft altitude as stated in Test #7, and #8 are shown in
Figure 38 and 39 respectively.

Test #9:
v^^ = 1.217 v (vair = -.863 v or 894 m/s) ;
valt = 0.087 v (500 m) ;
vel = +0.333 v (+3.0°);
v^ = -0.302 v (-30°) .

The measured doppler shift voltage (vd) was same as of
Test #5.

The measured doppler frequency was 65.1 kHz (with

computed 1.24 kHz doppler spread frequency), and the
measured range attenuation was 51.0 dB.

The clutter signal

(f^) with doppler spread effect was shown in Figure 40.
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The experimental data are tabulated to compare with the
theoretical/calculated results of the clutter signal.
comparison of these data is summarized in Table 4.

The

The

doppler spread frequency of experimental data can be seen by
decreasing the frequency span of spectrum analyzer as shown
in Figure 35 (test #4).

Note that the doppler spread

frequency is relatively small comparing with the doppler
shift frequency, and does not contribute a significant
effects on clutter spectrum, therefore the doppler spread
frequency is not included in Table 4 for simplicity.

Table 4.

Experimental Data vs Calculated Results

Experimental Data

Calculated Data

Test

fd(kHz)

pc (dBm)

fd(kHz)

Pc (dBm)

#1

16.5

24.3

17.4

#2

14.2

24.8

#3

14.2

#4

Error in %
Afd

APc

25.2

5.17

3.57

15.1

25.2

5.96

1.59

15.6

15.1

16.4

5.96

4.88

65.1

15.9

62.2

16.4

4.66

3.05

#5

65.1

24.0

62.2

23.8

4.66

0.84

#6

65.1

32.0

62.2

31.2

4.66

2.56

#7

65.1

36.4

62.2

35.1

4.66

3.70

#8

65.1

43.3

62.2

42.1

4.66

2.85

#9

65.1

51.0

62.2

51.0

4.66

0

CHAPTER VII
SUMMARY AND RECOMMENDATION

The objective of the clutter generator was to create a
relative clutter return signal of the first sidelobe that
corresponds to an airborne radar's geometric position.

In

this project, many assumptions were made regarding the
environmental parameters to simplify the complexity, so that
a sea clutter return signal can be modeled with reasonable
result for the simulation environment.

The experimental

data from Table 4 of Chapter VI has illustrated a reasonable
(re-producible with error less than 6%) clutter return
signal can be model based on the geometric configuration.
The experimental data have been reproduced with similar
results under the same test set-up environment.

This

clutter data will enable the simulator effectively evaluates
various radar receivers in a controllable environment.
Future work on a relatively complex sea clutter model
may be worthwhile to pursuit for a more robust radar system
evaluation, as measured by target detection performance in
the presence of clutter.
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APPENDIX A
MATLAB PROGRAM LISTINGS
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% Clutter Range & Attenuation Program
% File name: RANGE.M
%
format long e;
d=180/pi;
° radian conversion factor
% input variable
100m to 1500m
% radar altitude:
% depression angle:
-30 to 30 degree
5000m to 40000m
% target range:
% ht = hal - rt*sin(a);
*** calculate the min. clutter range ***
hamin = 100;
% min. radar altitude
rt = 5000;
% min. target range
ht = 0;
% min. target height
a = d*asin(hamin./rt);
rcmin = hamin./sin((4.5+a)/d);
min. clutter range
% *** calculate depression angle for a given radar altitude
hal = 1500;
% max. height of radar altitude
bl = d*asin(hal./rt);
% max. depression angle
kl=-3:.01:bl;
rcl = hal./sin((4.5+kl)./d);
%
% *** calculate depression angle for a given radar altitude
ha2 =1000;
% radar altitude
b2 = d*asin(ha2./rt);
% max. depression angle
k2=-3:.01:b2;
rc2 = ha2./sin((4.5+k2)./d);
%
% *** calculate depression angle for a given radar altitude
ha3 = 500;
% radar altitude
b3 = d*asin(ha3./rt);
% max. depression angle
k3=-3:. 01:b3;
rc3 = h a 3 ./sin((4.5+k3)./d) ;
%
% *** calculate depression angle for a given radar altitude
ha4 = 100;
% radar altitude
b4 = d*asin(ha4./rt) ;
% max. depression angle
k4=-3:.01:b4;
rc4 = ha4./sin((4.5+k4)./d);
%
axis( [0 60000 -5 20]);
p l o t ( r c l , k l , , r c 2 , k 2 , '--' ,rc3,k3,':',rc4,k4,'-.');
title('Radar Alt.: 1500m=(-), 1000m=(--), 500m= (.), 100m=(-.)');
xlabel ('Clutter Range in Meters1) , ylabel ('Depression Angle in
Degree1),grid
text(rc4(90),k4(100),'100m'),text(rc3(150),k3(200) , '500m') ,
text(rc2(100),k2(100),'1000m'),text(rcl(80),kl(50),'1500m');
meta rc.met; pause, axis;
%
% *** compute clutter range attenuation ***
mrcl=20*logl0(rcmin./rcl);
mrc2=20*logl0(rcmin./rc2) ;
mrc3=20*logl0(rcmin./rc3) ;
mrc4=20*logl0(rcmin./rc4);
%
axis([0 60000 -40 -10]);
plot(rcl,mrcl); title('Radar Altitude = 1500m');
xlabel('Clutter Range in Meters'), ylabel('Attenuation in d B '),grid
meta mrcl.met; pause
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%
axis( [0 40000 -35 -10]);
plot(rc2,mrc2); title('Radar Altitude = 1000m')
xlabel('Clutter Range in Meters'), ylabel('Attenuation in dB'),grid
meta mrc2.met; pause
%
axis( [0 20000 -30 -5]);
plot(rc3,mrc3); title('Radar Altitude = 500m')
xlabel('Clutter Range in Meters'), ylabel('Attenuation in dB'),grid
meta mrc3.met; pause
%
axis( [0 5000 -15 5]);
plot(rc4,mrc4); title('Radar Altitude = 100m')
xlabel('Clutter Range in Meters'), ylabel('Attenuation in d B '),grid
meta mrc4.met, axis; pause
CL

100
%
%
%
%

Clutter Doppler Shift & Doppler Spread Frequency
Using the Calculated Depression Angle for
a Given Radar Altitude
File name: DOPLA.M

O,
O

format long e;
d=180/pi;
% radian conversion factor
% input variable
% radar altitude:
100 m to 1500 m
% radar velocity:
100 m/s to 900 m/s
% depression angle:
-17.5 to 3 degree
% azimuth angle:
-30 to 30 degree
% 1st sidelobe beamwidth: 2.5 degree
%
% unit of doppler shift & doppler spread is meter/second per lamda
% where lamda = (speed of air)/ (operating frequency)
%
% *** calculate doppler shift & doppler spread vs azimuth angle
j = 0:.05:30;
% one side of azimuth angle due symmetry
va = 900;
% max. radar velocity
rt = 5000;
% min. target range
o,
o
% using calculated depression angle of a given radar altitude
hal = 1500;
% max. height of radar altitude
el = d*asin(hal./rt);
% max. depression angle
y = 2*va*cos((4.5+el)./d);
f1 = y*cos(j ./d);
fsl = y*(cos((j-1.25)./d) - cos((j+1.25)./d));
%
% using calculated depression angle of a given radar altitude
ha2 = 1000;
% height of radar altitude
el = d*asin(ha2./rt);
% calculated max. depression angle
y = 2*va*cos((4.5+el)./d);
f2 = y*cos(j./d);
fs2
= y*(cos((j-1.25)./d) - cos((j+1.25)./d));
o,
o

% using calculated depression angle of a given radar altitude
ha3 =500;
% height of radar altitude
el = d*asin(ha3./rt);
% calculated max. depression angle
y = 2*va*cos((4.5+el)./d);
f3 = y*cos(j./d);
fs3 = y* (cos((j-1.25) ./d) - cos((j+1.25),/d));
o,
o

% using calculated depression angle of a given radar altitude
ha4 = 100;
% height of radar altitude
el = d*asin(ha4./rt);
% calculated max. depression angle
y = 2*va*cos((4.5+el)./d);
f4 = y*cos(j ./d);
fs4 = y*(cos((j-1.25)./d) - cos ((j+1.25) ,/d)) ;
%
axis( [0 30 1400 1900]);
plot(j ,f1,'-',j ,f2,'--',j ,f3,
j ,f4,'-.') ;
title('Radar Al t .: 1500m=(-), 1000m=(--), 500m=(.), 100m=(-.)');
xlabel('Azimuth Angle in Degree'), ylabel('Doppler Shift in m/s per
Lamda'),grid
text(j(100),fl(100), '1500m'),text(j(100),f2(200) , '1000m'),
text(l(120),f3(150), '500m'),text(j(50),f4(100), '100m');
meta fa.met; pause
%
axis( [0 30 0 50] ) ;
plot(j,fsl, '-',j,fs2, '--1,j,fsj, ':',j,fs4, '-.');
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title('Radar Alt.: 1500m=(-), 1000m=(--), 500m=(.), 100m=(-.)');
xlabel('Azimuth Angle in Degree'), ylabel('Doppler Spread in m/s per
Lamda'),grid
text(j (300),fsl(300),'1500m'),text(j (400),fs2(400),'1000m') ,
text(](480),fs3(480),'500m'),text(j(550),fs4(550),'100m');
meta fsa.met; pause, axis;
%
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% Clutter Doppler Shift & Doppler Spread Frequency
% Using 0 degree Depression angle
% File name: DOPLB.M
o,
o

format long e;
d=180/pi;
% radian conversion factor
% input variable
% radar velocity:
100 m/s to 900 m/s
% depression angle:
-17.5 to 3 degree
% azimuth angle:
-30 to 30 degree
% 1st sidelobe beamwidth: 2.5 degree
o,
o

% unit of doppler shift & doppler spread is meter/second per lamda
% where lamda = (speed of air)/ (operating frequency)
o
o
% *** calculate doppler shift & doppler spread vs azimuth angle
% using assumed 0 degree depression angle
% depression angle
el = 0;
% one side of azimuth angle due symmetry
2 =0:.05:30;
va = 900;
% radar velocity
y = 2*va*cos((4.5+el)./d);
fl = y*cos(j,/d);
fsl = y*(cos((j-1.25)./d) - cos((j+1.25)./d));
%
va = 600;
% radar velocity
y = 2*va*cos((4.5+el)./d);
f2 = y*cos(j./d);
fs2 = y*(cos((j-1.25)./d) - cos ((j+1.25) ./d)) ;
%
va = 300;
% radar velocity
y = 2*va*cos((4.5+el)./d);
f3 = y*cos(j./d);
fs3 = y*(cos((j-1.25)./d) - cos((j+1.25)./d));
o
o

va = 100;
% radar velocity
y = 2*va*cos((4.5+el)./d);
f4 = y*cos(j ./d) ;
fs4 = y*(cos((j-1.25)./d) - cos((j+1.25)./d) ) ;
axis([0 30 0 2000]);
nlot(i fl
i f2
i f3
i f4
')■
title('Radar V e l .: 900m/s=(-), 600m/s=(--), 300m/s=(.), 100m/s=(-.)');
xlabel ('Azimuth Angle in Degree') ,
ylabel('Doppler Shift in m/s per Lamda'),grid
text(j (100;,f l (120),'900m/s'),text(j (120),f 2 (200),'600m/s'),
text(j(120), f3(150),'300m/s'),text(j(100),f4(100),'100m/s');
meta fb.met; pause
axis( [ 0 3 0 0 50]);
plot(j,fsl,'-',j , f s 2 , ,j,fs3,':',j,fs4,'-.');
title('Radar Ve l .: 900m/s=(-), 600m/s=(--), 300m/s=(.), 100m/s=(-.)
xlabel('Azimuth Angle in Degree'),
ylabel('Doppler Spread in m/s per Lamda'),grid
text(j (500),fsl(550),'900m/s'),text(j (480),fs2(480),'600m/s') ,
text(i(350),fs3(350),'300m/s'),text(j(280),fs4(280),'lOOm/s');
meta fsb.met; pause, axis;
%

);
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